Introduction {#sec1_1}
============

The term polyp refers to a mucosal protrusion and is a clinically valuable histopathological label to the pathologist. Polyps may be described as inflammatory, hamartomatous, serrated (hyperplastic), or adenomatous \[[@B1]\]. It is well known that colorectal cancers arise more commonly from adenomatous polyps, which have three histologic variants. These are the tubular, tubulovillous, and villous adenomatous variants. Adenomas can be categorized based on their gross appearance on endoscopy. They may be described as pedunculated, sessile, flat, depressed, or excavated. Generally, adenomatous polyps are asymptomatic and are usually detected during screening colonoscopy \[[@B2]\].

Visualization and removal of precancerous polyps are essential goals of screening colonoscopy, although detection of polyps over poorly visualized areas such as appendix can be challenging. Endoscopic recognition of appendiceal lesions is limited to the base of the cecum and appendiceal orifice. The appendiceal orifice is described in endoscopy literature as having a "crow\'s foot" appearance and is located at the junction of the three taenia coli, at the pole of the cecum \[[@B3]\]. Furthermore, it is, along with the ileocecal valve, the most reliable landmark for establishing cecal intubation \[[@B4]\].

Benign appendiceal polyps are rare and usually found incidentally during autopsy or surgery \[[@B5]\]. The incidence of these polyps on autopsy was reported to be between 0.004% and 0.08% \[[@B6]\]. The discovery of appendiceal polyps during colonoscopy is uncommon, and the current literature on this subject is very limited. However, for correct recognition of appendiceal pathologies, the endoscopist must be aware of abnormal features of the appendiceal orifice \[[@B7]\].

Here we describe three cases of appendiceal orifice polyps missed on initial visualization but which later protruded into the cecum following prolonged examination and mild suction at the orifice of the appendix. Successful complete polypectomy at the time of endoscopy was performed in all cases. In all these cases, the ileocecal valve intubation was successful and the examined terminal ileum was normal.

Cases {#sec1_2}
=====

Case 1 {#sec2_1}
------

A 49-year-old African-American female with a significant past medical history of hypertension, anxiety, and irritable bowel syndrome was referred by her family physician for screening colonoscopy. Colonoscopy revealed a 3-mm sessile polyp in the rectosigmoid colon, and the polyp was tubular adenoma. Initial visualization of appendiceal orifice did not show any abnormalities (Fig. [1a](#F1){ref-type="fig"}). However, after deflation of the cecum, a 6-mm pedunculated polyp was seen protruding into the cecal lumen (Fig. [1b](#F1){ref-type="fig"}). A standard polypectomy forceps was used to visualize the polyp better. A thin, slender stalk originating from within the appendiceal lumen was identified (Fig. [1c](#F1){ref-type="fig"}). The polyp was then resected completely using a snare polypectomy technique. The pathology of the resected polyp was a tubular adenoma (Fig. [1d](#F1){ref-type="fig"}).

Case 2 {#sec2_2}
------

An 83-year-old male with a past medical history significant for acid reflux, diabetes, hypertension, and hyperlipidemia was referred by his primary care physician for colonoscopy due to a positive fecal immunochemical test. He was hemodynamically stable and laboratory tests were unremarkable. He has had no gastrointestinal symptoms. His last colonoscopy 9 years ago showed two sessile polyps in the cecum, which were removed, and the polyps were tubular adenoma. In the current presentation, colonoscopy demonstrated four sessile polyps varying in size from 3 to 5 mm in the sigmoid colon, which were all removed with a cold snare. Histopathologic examination revealed hyperplastic polyps. In addition, a 5-mm polyp was found beside the appendiceal orifice, which was removed by a hot snare. Pathology reported it as a hyperplastic polyp. Reduction of cecal luminal pressure led to the exposure of a sessile polyp at the appendiceal orifice (Fig. [2a](#F2){ref-type="fig"},b), which was resected using a cold snare technique (Fig. [2c](#F2){ref-type="fig"}), and the polyp was tubular adenoma (Fig. [2d](#F2){ref-type="fig"}). Non-bleeding external and internal hemorrhoids were also found during retroflection.

Case 3 {#sec2_3}
------

A 58-year-old male with a past medical history of gastroesophageal reflux disease was referred for a screening colonoscopy. Laboratory tests were unremarkable. Colonoscopy showed a 2-mm sessile polyp in the ascending colon, which was removed with cold biopsy forceps. The pathology of the resected polyp was a tubular adenoma. In initial visualization, the appendiceal orifice was normal (Fig. [3a](#F3){ref-type="fig"}). However, with thorough examination and decompression of the cecum, a 5-mm sessile polyp was protruding to the cecum (Fig. [3b](#F3){ref-type="fig"}). The polyp was removed with cold forceps (Fig. [3c](#F3){ref-type="fig"}). Histopathology examination revealed sessile serrated adenoma (Fig. [3d](#F3){ref-type="fig"}).

Discussion {#sec1_3}
==========

The appendix derives embryologically from the cecum and is histologically similar to the colorectal tissues \[[@B8]\]. The resemblance of the embryologic appendix to the cecum may explain the 4.1% incidence of synchronous appendiceal neoplasia with colorectal cancer \[[@B9]\]. Additionally, studies reported an association of appendiceal epithelial lesions with synchronous carcinoma of the colon. This was reported between 12 and 21% of cases presenting for colectomy \[[@B6], [@B9], [@B10], [@B11]\]. Due to the similarity of the appendiceal mucosa to the colon, it is hypothesized that appendiceal adenocarcinomas may represent 1% of all colorectal malignancies \[[@B5]\].

Appendiceal adenocarcinoma was shown to arise from preexisting adenomatous lesions \[[@B6]\]. However, if appendiceal cancer does occur, it is more likely to present at a younger age. The average age of diagnosis is 58 years, compared to 72 years in colorectal cancer. Prognosis is also worse among patients presenting with appendiceal malignancy. One of the reasons for this is related to the higher propensity of appendiceal cancer to spread through the lymphatic system \[[@B12]\].

Appendiceal polyps are rare, but the risk of developing carcinoma is likely similar to that of other colonic polyps \[[@B13]\]. Therefore, early detection of precancerous appendiceal polyps is essential. Despite this, these polyps are usually discovered incidentally during surgery, especially when complications such as appendicitis or intussusception are present. 10% of these polyps are detected incidentally by laparotomy in unrelated appendiceal procedures \[[@B14]\]. These polyps were reported in 0.004 and 0.08% of autopsies \[[@B4]\]. The most common histological type of appendiceal lesion described following an appendectomy is mucinous cystadenoma, although villous adenomas and adenomatous polyps can be found as well \[[@B14]\]. Of the appendiceal malignancies, the majority are carcinoid tumors, although 10--20% are represented by mucinous cyst-adenocarcinoma, adenocarcinoma, lymphosarcoma, paraganglioma, and granular-cell tumors \[[@B15]\].

Instead of relying on surgical detection of appendiceal polyps, colonoscopy can occasionally recognize these lesions. However, colonoscopy is operator-dependent, and some colonoscopists may miss more polyps than others. Three main measures can be used to evaluate an endoscopist\'s performance. The most reliable measurement is the adenoma detection rate, which is defined as the proportion of screening colonoscopies where at least one adenoma is detected. The current adenoma detection rate benchmarks are 20--25% or higher for male patients and 15% or higher for female patients. The second measure is the cecal intubation rate, which is the colonoscopist\'s ability to intubate the cecum in 90% or more of all examined cases. The third measure is the withdrawal time, which evaluates whether a colonoscopist has spent sufficient time to perform a thorough mucosal examination between intubating the cecum and removing the colonoscope from the patient. The current benchmark for withdrawal time is 6 min or more in examinations where no biopsies or polypectomies are performed \[[@B16]\].

Missing polyps in poorly visualized areas can decrease the quality assurance of screening colonoscopy, although detection of polyps over areas such as appendiceal lumen can be challenging due to the limitation of access with a standard endoscope. Endoscopic recognition of appendiceal lesions is rare and restricted to the base of the cecum and appendiceal orifice. However, for correct recognition of appendiceal pathologies, the endoscopist must be aware of abnormal features of the appendiceal orifice \[[@B5]\]. Neoplasms, intussusceptions, an inverted appendix, appendiceal endometriosis, vascular ectasia of the appendix, isolated Crohn\'s of the appendix, and foreign bodies are examples of unusual appendiceal pathologies which have been discovered during colonoscopy following visualization of the appendiceal orifice and have been reported in the literature \[[@B5]\].

Recently a retrospective study was performed evaluating 691 patients with appendiceal polyps that were recognized by colonoscopy. Histological evaluation of these polyps revealed that 38.3% were non-neoplastic compared to 61.6% that were neoplastic lesions. The neoplasms were noted as follows: 30.4% adenomas, 30.2% tubular, 2.4% tubulo-villous, 0.1% villous, 17.8% sessile serrated adenomas/polyps, 8.8% hyperplastic polyps, and 1.1% traditional serrated adenomas. 0.4% of adenomas contained high-grade dysplasia. They noted 0.1% leiomyomas and 0.8% cancers including 0.4% adenocarcinoma and 0.4% carcinoid tumors \[[@B17]\]. Furthermore, when appendiceal polyps occur, they are more likely to be in the proximal third as opposed to the distal appendix. The rate of identification of appendiceal polyps by colonoscopy is not satisfactory \[[@B18]\]. The discrepancy between the rate of discovery of proximal appendiceal polyps on appendectomy as compared to colonoscopy possibly can be explained by the limitations of evaluating the appendiceal lumen through standard endoscopy, the infrequency of appendiceal orifice polyps, and endoscopists who are unfamiliar with appendiceal orifice lesions \[[@B7]\].

The presence of obscure appendiceal polyps also contributes to this discrepancy. Rarely, polyps may be hidden within the appendiceal lumen itself and may sometimes show themselves after prolonged evaluation of the cecum. To our knowledge, only three cases of this phenomenon are reported in the literature. Green et al. \[[@B19]\] reported a case in which a normal cecum and appendiceal orifice were observed, but after several minutes in the cecum instructing observers how to enter the terminal ileum, suction triggered a polyp to protrude from the appendix into the cecum. This polyp was managed with a referral for appendectomy, and tubulovillous adenoma was confirmed on pathology \[[@B19]\]. Another case reported by Khawaja \[[@B20]\] noted a polyp that was intermittently protruding into the cecal lumen from the appendix. The polyp was successful removed with standard polypectomy technique and was identified as an adenomatous polyp \[[@B20]\]. Ruffolo and Daly \[[@B21]\] also reported a case of an obscure appendiceal polyp, which could only be visualized by deflation of the cecal lumen.

Here we have described three cases of appendiceal orifice polyps missed on initial visualization of the cecum but which later were detected after careful and thorough evaluation including deflation of the cecum. In all 3 cases, polyps were removed endoscopically. Table [1](#T1){ref-type="table"} summarizes and compares the characteristics of the aforementioned cases. Analysis of these 6 cases reveals that in 5 cases, synchronous colorectal polyps were noted in addition to the appendiceal lesion, and one case was not determined. Sessile polyps were the most common synchronous colorectal polyps. In 4 cases, the polyps were removed by snare technique, one case underwent appendectomy, and one case was not determined. In addition, all 6 cases were reported to be adenomatous polyp histologically. 2 cases were tubular adenoma, 2 cases were reported as villous, 1 case as serrated, and in 1 case, the histology was not determined.

Identification of these polyps is crucial, as histology, number, and size are important factors for interpreting the risk of progression to cancer and the timing of the subsequent surveillance colonoscopy. Low-risk adenomas are defined as one to two tubular adenomas smaller than 1 cm. In low-risk individuals, the first surveillance colonoscopy should be performed in 5 to 10 years \[[@B22]\].

High-risk adenomas are defined as three or more adenomatous or tubular adenomatous polyps measuring equal or larger than 1 cm, or adenomas with villous histology or high-grade dysplasia. Current guidelines recommend first surveillance colonoscopy to be done in 3 years for high-risk patients \[[@B23]\]. A prospective cohort study that included 15,935 patients has reported that the risk of colorectal cancer in patients with high-risk adenomas was 2.7 times more per year as compared to those without adenomas at 13 years of follow-up \[[@B24]\].

Accordingly, it is essential for endoscopists to be aware of an obscure appendiceal polyp. Discovery of such polyps can prevent complications such as appendicitis and intussusception. Additionally, this may affect the timing of subsequent surveillance colonoscopy. Furthermore, the detection and removal of such polyps can decrease the risk of future appendiceal or colorectal cancer.

As previously discussed, appendiceal polyps that are discovered on colonoscopy are commonly referred for surgical resection. Size, Morphology, Site, Access (SMSA) is a scoring system that is used to grade the difficulty encountered during a polypectomy. According to this scoring system, appendiceal polyps are often classified as problematic polyps. The use of endoscopic techniques for resection of appendiceal polyps can be challenging due to the difficulty of accomplishing complete removal of the lesion and the higher risk for perforation of the cecum \[[@B25]\]. Despite this, most difficult polyps can be safely removed via an endoscopic approach in the hands of an experienced endoscopist. In a retrospective study of 131 patients with appendiceal orifice polyps who underwent endoscopic resection, 93.9% of patients achieved complete resection. This study concluded that endoscopic resection of cecal polyps involving the appendiceal orifice is safe and effective in select patients \[[@B26]\]. In terms of the method of resection, a retrospective study was done by Hassab and Church \[[@B17]\] that examined 691 cases of appendiceal orifice polyps removed between 2000 and 2017. They noted that the most common method of excision was cold biopsy forceps (36.3%), followed by a hot snare (9.3%), cold snare (8.5%), jumbo cold forceps (6.7%), hot biopsy (6.8%), and endoscopic mucosal resection/dissection (4%). Recurrence was seen in 10.3% of patients. Furthermore, the incidence of recurrence, as well as the need for surgical intervention, were more common with polyps measuring more than 5 mm in size \[[@B17]\]. In a small exploratory study, Bronzwaer et al. \[[@B27]\] suggest that endoscopic full thickening resection of non-pedunculated polyps between 10 and 15 mm is feasible and is a minimally invasive approach when compared to radical resection.

The goal of screening colonoscopy is detection and resection of precancerous polyps. Discovery and removal of such polyps can prevent complications, affect the timing of subsequent surveillance colonoscopy, and decrease the rate of future cancer. Therefore, endoscopists should closely examine all luminal surfaces, including poorly visualized areas such as the appendiceal orifice. Some techniques are available to increase the accuracy of the endoscopic examination. These include luminal inflation and deflation, examination behind and pressing on the haustral folds, and repetitive passage over poorly visualized areas. As illustrated in our three cases, endoscopists should be aware that not all polyps are readily identifiable. The possibility of an appendiceal neoplasm should always be considered, especially if other polyps have been noted in the colon. Polyps of the appendiceal orifice can easily be missed on initial visualization. Therefore, it is essential to expose and fully examine the appendiceal orifice region during colonoscopy. We recommend a prolonged and thorough examination of this region along with alternating deflation and insufflation of the lumen to aid in the identification of these obscure and challenging lesions.
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![**a** Appendiceal orifice. **b** A 6-mm polyp was found in the appendiceal orifice after air suctioning and mild decompression of the cecum. **c** Polyp fully exposed (yellow arrow) with a clear stalk (red arrow) using a biopsy forceps. **d** Tubular adenoma polyp (100×).](crg-0014-0015-g01){#F1}

![**a** Appendiceal orifice. **b** Sessile polyp revealed after cecal deflation (yellow arrow). **c** Post polypectomy using a snare. **d** Tubular adenoma polyp (200×).](crg-0014-0015-g02){#F2}

![**a** Appendiceal orifice appears normal. **b** A 5-mm sessile polyp was found at the orifice (yellow arrows) after careful examination. **c** Post polypectomy using cold forceps. **d** Sessile serrated adenoma polyp (100×).](crg-0014-0015-g03){#F3}

###### 

Characteristics of the cases

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Publication, year            Ref.   Age/gender   Colonoscopy reason   Colonoscopy technique over AO               Features of AO polyp after colonoscope technique                       AO polyp management, pathology report                Gross view AO polyp after appendectomy, pathology report                                        Colorectal polyps, pathology report
  ---------------------------- ------ ------------ -------------------- ------------------------------------------- ---------------------------------------------------------------------- ---------------------------------------------------- ----------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------
  Green et al., 1992           19     80/M         Screening            Prolonged visualization and cecum suction   large polypoid                                                         Appendicectomy, villous adenomatous                  polypoid mass on a stalk 1 cm from the proximal margin of the appendix, tubulovillous adenoma   Polyp was removed from the sigmoid colon, ND

                                                                                                                                                                                                                                                                                                                                                

  Khawaja, 2002                20     76/M         Guaiac positive      Prolong visualization of AO polyp           Pedunculated AO polyp intermittently protruding into the cecal lumen   Standard snare polypectomy, adenomatous              N/A                                                                                             Four polyps were noted in the colon:\
                                                                                                                                                                                                                                                                                                                                                (1) A 2.5×1 cm pedunculated polyp in the sigmoid colon, invasive adenocarcinoma with the malignant cells extending into the resected stalk\
                                                                                                                                                                                                                                                                                                                                                (2) A 0.5 cm sessile polyp in the distal transverse colon, benign polyp\
                                                                                                                                                                                                                                                                                                                                                (3) A 2×1.5 cm sessile polyp in the hepatic flexure, benign polyp\
                                                                                                                                                                                                                                                                                                                                                (4) A sessile polyp close to margin of the AO, benign polyp

                                                                                                                                                                                                                                                                                                                                                

  Ruffolo and Daly, 2005       21     55/M         ND                   Deflation                                   Sessile                                                                NR, villous adenoma                                  ND                                                                                              ND

                                                                                                                                                                                                                                                                                                                                                

  Amini et al., Case 1, 2018          49/F         Screening            Deflation                                   6-mm pedunculated polyp                                                Cold snare polypectomy, tubular adenoma              N/A                                                                                             A 3-mm sessile polyp in the rectosigmoid, tubular adenoma

                                                                                                                                                                                                                                                                                                                                                

  Amini et al., Case 2, 2019          83/M         Positive FIT         Deflation                                   6-mm sessile polyp                                                     Cold snare polypectomy, tubular adenoma              N/A                                                                                             Five polyps were noted in the colon:\
                                                                                                                                                                                                                                                                                                                                                (1) Four 3--5-mm sessile polyps in sigmoid colon, hyperplastic polyps\
                                                                                                                                                                                                                                                                                                                                                (2) 5-mm cecal polyp, hyperplastic polyp

                                                                                                                                                                                                                                                                                                                                                

  Amini et al., Case 3, 2019          58/M         Screening            Deflation                                   5-mm sessile polyp                                                     Cold forceps polypectomy, sessile serrated adenoma   N/A                                                                                             A 2-mm sessile polyp was found in the ascending colon, tubular adenoma
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M, male; F, female; AO, appendiceal orifice; N/A, not applicable; ND, not determined; NR, not reported; FIT, fecal immunochemical test.
